Blood changes during a 100 km run
INTRODUCTION
The ability to sustain acid-base balance is one of the main factors that limits physical capacity. Therefore, measurements of acid-base balance are widely used in sports, especially when short, high-intensity exertion is involved. Numerous studies have been conducted on this subject. Previous studies have examined the effect of air temperature on anaerobic power and acid-base balance [1, 2, 3, 4] for instance. There have been relatively few publications regarding the acid-base balance and gas analysis in the blood of endurance athletes, especially ultramarathon runners, since the year 2000.
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. However, small changes in the acid-base balance were found in blood samples taken while at rest after the runners had finished running. The present experiment [5] showed higher lactate concentration ([La]) without pH or bicarbonate changes in marathon runners during a field test. However, they suggested that acidification could have an influence on the utilization of different substrates and thus on the ability of the muscles to continue to work [5] . Boyd et al. [14] , Cooke et al. [15] and Sahlin [16] have claimed that metabolic acidity has a direct or indirect effect on the utilization of substrates in muscles.
Endurance performance can result in decreased haemoglobin (Hb) saturation, which can lead to limited oxygen delivery to the organs and thus organ damage [17, 18, 19, 20] . Because of the effects of hypoxia, scientists emphasize the need for high-altitude training for marathon runners. However, only a few studies of acid-base balance and oxygen (pO 2 ) or carbon dioxide compressibility (pCO 2 ) have been conducted on amateur athletes during ultramarathons. Therefore, the aim of this study was to analyse the acid-base balance of the blood of amateur runners during a 100-km run. The idea was to establish whether the participants were able to maintain a running speed at which the acid-base balance was not disturbed and whether there was a decrease in haemoglobin saturation that caused disorders of gas diffusion as well as damage to the lungs [17, 18, 19, 20] . Based on the evidence described above, it was assumed that most subjects would be able to adjust their running speed (intensity) so as not to provoke a significant acid-base imbalance or lactate concentration, which are factors that limit performance.
MATERIALS AND METHODS
The study protocols received ethical approval from the Ethical Committee of the Regional Medical Chamber. A total of 14 males volun- For heterogeneous results, Friedman's ANOVA right tail probability test post hoc were applied. The significance level was set at p<0.05.
The results were analysed using Statistica 9.0 software (StatSoft, Tulsa, Oklahoma).
RESULTS
The mean running speed decreased with each repetition of the course and the lowest value was registered during the final stage of the marathon (from 75-100 km). A similar pattern was evident for heart rate and %HRmax (table 2) .
There was a significant decrease in the mean values registered for BEecf and HCO 3 act especially during the third, fourth, and fifth segments of the run (i.e., between 50 and 100 km), and there was only a significant increase associated with BEecf and HCO 3 act during the recovery. Although the changes were significant, they did not exceed the normal physiological reference values, which would indicate disturbances in the acid-base balance. The pH value differed significantly from that obtained after running 75 km. Although the absolute value of the change was small (0.04), the direction of this change was surprising. After covering the distance, the pH value was significantly higher than the resting value (figure 1).
The highest lactate concentration in the blood was 3.07 mmol · l -1 , registered after the runners completed the full 100 km of the run.
There were significant differences between successive parts of the run (figure 1).
DISCUSSION
Although statistically significant differences were found between the mean values of the indicators we examined, the acid-base balance did not exceed the normal physiological range in the marathon runners during the 100-km run. Only the [La] was slightly higher than the reference values at the end of the run. Because very few research data are available concerning acid-base balance in amateur and professional marathon runners, it is difficult to discuss the issue. It seems inappropriate to neglect the studies that have been conducted on acid-base balance in these runners. Note: *significant differences at p≤0.05
The results presented in this article regarding the changes in the acid-base balance in the marathon runners revealed insignificant changes in the individual and mean values of pH, HCO 3 act, and
BEecf in the blood samples; therefore, they cannot be recognized as factors that limit performance. The studies by Föhrenbach et al. [13] and Żołądź et al. [5] , which address the changes in these parameters, provide similar results, although they used different methodologies and conducted the experiments under different conditions. Therefore, it seems that the changes in acid-base balance did not limit the running speed or the running time. Consequently, it appears that it was necessary to sustain the relative acid-base balance to complete the marathon run. Although the physical capacity of the tested subjects varied (due to the differences in fitness, age, physique, or individual predisposition that affected running speed and the time to complete the run), the subjects were able to sustain the acid-base balance in their blood. Therefore, it could be stated that both professionals and amateurs are able to adjust their running speed so that no acid-base imbalance occurs. In addition, there were no professional runners among our respondents.
The various temporary changes in the acid-base balance that occurred in the subjects during the experiment most likely appeared This gap in the literature may be caused by two assumptions. First, some assume that there are only slight changes in the indicators of acid-base balance during endurance sports (lasting more than 2 h).
Second, it has been assumed that it is crucial for a runner to prevent large changes in acid-base balance to be able to complete a run.
However, it is still unknown whether the buffering capacity of the blood and the need to avoid disturbing the acid-base balance are the limiting factors for running speed. Furthermore, it is not known how large the disturbances can be during a running performance to maintain an effective rate of utilization (for example, by consuming sodium bicarbonate). However, it seems that excessive acidification and an acid-base imbalance could limit individual running speed. It is not clear which factors influence the running ability of marathon runners and to what extent. Assuming that lactate accumulation in the blood is one factor that determines the result of a run, it is unjustified to assume that this parameter is the only important factor and to ignore the influence of pH. The current study showed that there was a simultaneous increase in both pH and [La] . This result can be explained only by hypoxia of the organs (for example, the liver), which limits the utilization of [La] in the blood and intensifies the secretion of lactate dehydrogenase (LDH) and [La] in the blood in response to poor blood supply that results in damage to the organ [17, 18, 19, 23] .
Therefore, an individual's ability to absorb and transport oxygen limits his or her ability to develop a faster running speed.
The present gasometry values showed a decrease in the mean values of the compressibility of oxygen (pO 2 ) and blood oxygen saturation O 2 (sat.) as well as pCO 2 in the subjects during a 100-km run. In three of the fourteen participants, the differences were significant, and the values were below the physiological norm. A decrease in pCO 2 was also reported by Waśkeiwicz et al. [6] during a 24 h ultramarathon race. However, these factors had no considerable effect on running speed or intensity (expressed as %HRmax). The lack of an association shows the importance of running economy, even though the subjects were amateurs [11, 24, 2515, 16, 22] .
Nielsen [19] reported that hypoxemia occurs as a result of physical exercise. The author defined hypoxemia as a state of saturation below 95%. The results of the research, which examined rowers during recovery, revealed a decrease in pO 2 that occurred earlier than the decrease in O 2 (sat.), similar to the results of our study. The compressibility of oxygen determines the extent to which the blood can become saturated with oxygen. However, there are more factors that influence the oxygen supplied to organs and tissues. One factor is body size.
Large size is adversely associated with blood saturation. Nielsen [19] observed a low diffusion capacity in the lungs of the rowers, which might have resulted from damage to the alveolar membranes. Some changes in the blood, for example, the induced decay of basophiles, trigger a release of histamine, thereby limiting the decrease in pO 2 .
Similarly, the increase in HCO 3 reduces the desaturation.
Another reason for the reduced pO 2 or O 2 (sat.) could be the limited diffusion of gases or the reduction in haemoglobin concentration [19] . We must also consider the rivalry for oxygen among the organs and tissues in cases of hypoxia. Changes in the distribution of blood also occur [19] . Ayus et al. [26] studied marathon runners who were hospitalized because of cerebral and pulmonary oedema and found their saturation levels to be less than 70%. After the run, the athletes suffered from nausea and vomiting. Blood changes during a 100 km run identified hyponatraemia as the cause of cerebral and pulmonary oedema in these patients. Therefore, administering bicarbonate reduced the pathological symptoms and allowed six out of seven patients to recover.
The low saturation levels that occur after exertion prompted scientists to study hypoxia in marathon runners and the effect of highaltitude training on endurance runners. We are convinced that measuring acid-base balance, especially ventilatory indicators, is very important, not only for success in sports but also for health reasons.
CONCLUSIONS
Considering the results we obtained from 14 marathon runners during a 100-km run, we drew the following conclusions in response to our questions:
There were no changes that exceeded physiological norms in the acid-base balance (and thus would limit running ability) of the subjects during the 100-km run.
The runners were able to adjust their running speed so that there were no disturbances in acid-base balance or excessive [La], which would have impaired their performance. A significant decrease in the oxygen saturation of the blood was observed after 12 h and 24 h of recovery, indicating damage to the pulmonary tissue or disorders in diffusion. This problem appears mainly after the completion of exercise.
